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the gabion structure cost about 20% of what an equivalent concrete

structure would have cost,
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APPENDIX 1

CONSTRUCTION OF GABION STRUCTURES
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Plate A-4. Gabions in place on east side of spillway, Apr. 27, 1983.
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Plate A-5., Concrete cutoff wall at crest of structure, Apr. 27, 1983.
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Plate A-7. Construction of evergy dissipators on west side slope,
May 10, 1983,
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APPENDIX 2

DISCHARGE COMPUTATIONS AND CRITICAL FLOW
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Controls are certain features in a channel that tend to produce

critical flow and are therefore special.

FR = v/Vgy

where

dz/dx = 0, dy/dx # 0, and

Fr = 1 for critical flow.
"Critical is used to describe a state at which the specific energy E
is at a minimum for a given .

The equation defining critical flow for rectangular sections is

E:y+-—q-%—2—
2gy
It follows from the definition of a control that at any feature which
acts as a control, the discharge can be calculated once the depth is
known,

The first question to resolve is the form of the specific energy
equation; if we take our datum level at the lowest point on the section
and measure the depth upward from this level, we find that for every
point in the cross section the sum of the pressure head and potential
head is still equal to the depth vy, just as for the rectangular sectiomn.
In other words, the irregularity of the section does not affect the
hydrostatic pressure distribution. Therefore, the specific energy

equation may be written as follows:
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However, to explore the E vs. y relationship, we can no longer use the

discharge per unit width (g} relationship. W¥We must use

it

«

+
ro

where

“
4]

total discharge
A = area of X-section

We find the condition of minimum specific energy by the differen-

tiation

@;1_9_..2."_
dy 3

gA

&

To assign a meaning to dA/dy, we consider the effect of the area, A,
on small changes in depth.

2B - 2dy(m) _ (B - mdy) for d

> <y < d2

1

Bdy for 0 < y < d1

4
*5:

g N

e

t‘—
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2

-.d—E— -~ 1 - M

dy e

Q%(B - mdy) = gA> as dy > 0 Q°B = ga°
p -

vC(B - mdy} = gA

v

En

A = is the area of wetted section (sq ft)

=
it

is the corresponding width of the water surface (ft)

Y:

acceleration due to gravity (32.2 ft/sec)

ELEV. 1079.16
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The following table shows estimates of flow at Keg Creek control

structure x-section at the crest of spillway.

Elev. yc(Depth) ft A(ftz) B(ft) v, ft/sec Q ft3/sec
1079.10 0 o 21 0 0
1080.10 1 21 ££2 21 5.67 119.2
1081.10 2 42 21 8.02 337.1
1082.10 3 63 21 9.83 619.2
1083.10 4 92 31 9.78 899.4
1084.10 5 125 35 10.72 1340.5
1086.10 7 203 43 12.33 2502.9
1088.10 9 297 51 13.69 4067.0
1090.10 i1 407 59 14.90 6065.9
10%2.10 13 533 67 16.0 B530.6
1084.10 15 675 75 17.0 11490.9
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APPENDIX 3

SEDIMENTATION ANALYSIS
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DETERMINATION OF EFFECT OF ROCK GABICN DROP STRUCTURE
ON RIVER BED UPSTREAM

The stable slope of sediment deposited can be calculated using

formula (1)

' (vu£)10/384/3n2
e T Q4/3 (1)
where

ie = stable slope

ug(m/sec) = maximum permissible velocity, depending on the
size of bed materials at which the erosion
of river bed starts. The suggested value of
u, for alluvial sdilts is 1.52 m/sec.

v = the ratio between the mean velocity of water
and the corresponding velocity at the river
bottom: This ratio is nearly equal to 1.3 - 1.5.

B(m) = yetted perimeter, which can be generally
considered equal to the width of the river.

n(m-1/3 sec) = coefficient of roughness of the river.
Manning's n. n is chosen to be 0.040 for
Keg Creek.

Q(cumecs) = flood discharge according-to which the river

training iz designed; the rock gabion structure

was designed for 50-year return period.
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Equation (1) is derived from Manning's resistance formula.

R2/381/2

v = —
n
1/2 vn
s =
R2/3

.- v2n2 ) v2n2 _ v232B4/3

R4/3 A 4/3 A4/3

B

.. v4/3 ) VZQZB&/3 _ (v)10/334/3n2

V4/3 A4/3 Q4/3

vz=V +»u, = (£0.22)1.4 + {1.52 m/sec) = 1.66 m/sec

=

Qo = 9930 cfs = 281.2 m>/sec
2
Q 281.2 m /sec 2 2
a=%- L 00 = 169.4 m or 1822.72 ft

Calculations for @ A = 1822.72 ft".

21"



49

Ap = 3" x 21" = 63" £i2
2
A, = 1760/t
B+ T
Bp =73~ *h

T =B + 2(Zh)

AT O N ; 2(Zh) xh=(B+ZXg)xh

AT = Bh + Z X hz = Bh + 2.0 X hz

h = 23.7 ft

=+
il

1390 ft or 42.34 m

h A
2.0 62
10.0 470
20.0 1340.0
30.0 2610.0
24.0 1800
23.7 1763.3
10/3

(42.36 m)*3(0.040)2
473

- {1.66 m/s)

= (.00069 m/m
(281.2 m3/sec)

0.0069 ft/ft = 0.069 ft/100 ft = 3.66 ft/mi ~ 4 ft/mi




50

When the above parameters along the whole length of the reach in
question are known, the stable slope is calculated, after which the
position and height of the structures must be determined.

If a stretch of a river, having natural slope i, is to be trained
to a slope ie by means of a series of weirs at equidistant points, the
height H and distance 1 between two weirs are connected by the relation:
H= Hl - Hz = (1 - ie)l. Consequently, the number n of weirs necessary

for the training of the considered length L is

_ L{i - le)
- H

=]
i
bt |

In general, it is preferable to build small and closely separated
structures instead of high ones, particularly where the soil is subject
to erosion, in order to disturb the natural watercourse as little as
possible,

Recently, in addition to traditional forms of weirs constructed
for the prevention of river bed erosion, éther types of structures
have been developed for this particular purpose, but they have differ-

ent characteristics.
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APPENDIX 4

COST ANALYSIS OF DROP STRUCTURES IN WESTERN IOWA
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Design No. 371
File No. 23464
Harrison County 8§-15(4)~~-50~43

Description: 67'-6" x 28' 1. BM. Cr. & Flume

Location: Sec 20/29, T81, R42W; on North Line N.E. 1/4 Lincoln Twp.
River: Willow Creek

D.A.: 67.2 s5q wi

_Design Discharge: 5700 cfs

= 6600 cfs = 5800 cfs

Q20 Q25

Slope: 10.1 ft/mile

Size of Drop: 987.71 - 949.28 = 38.43 ft
Length of Drop Structure: 142 ft

Width of Structure: 67.5 ft

Actual Letting Date: 7/20/71

Est. Cost.: §$329,000.00

Actual Original Contract: $175,529.09

Est. Price of Bridge @ 1982 prices

i

{(67.5' x 28') X $40/sq ft = §75,600

i

Est. Price of Bridge @ 1971 prices 57.6/148.2 « §75,600 = $29,383.00

Cost of Flume @ 1971 prices = $175,529.09 - $29,383.00

#

$146,146.09

Cost of Flume @ 1982 prices

148.2/57.6 - $146,146.09 = $376,021.71

i

1982 Index costs were used because that is the vear the rock gabion
structure was let.

W/D

H

67.5/38.43 = 1.76 L/w=2.10 L/D = 3.70
W +D <« L = 368351
W+ D= 2594

DA/W - D = 722,216



Moneona County

Description: 677'6" X 28' PCBMBr
Location: T82N; R42W; Sec 22:
River: Willow Creek

P.A.: 32 sq mi

Design Discharge: 7500 cfs; Ave.

Slope: 19.5 ft/miles

Wood & Concrete Flume & Invert
Size of Drop: 1205.23 - 1168.65
Length of Drop Structure: 142 ft
Width of Structure: 67.5 ft
Year of Estimate: 3/27/68 (Est §
Est. Cost of Bridge @ 1982 prices
Est. Cost of Bridge @ 1968 prices
Est. Cost of Flume € 1968 prices
Est. Cost of Flume & 1982 prices
W/D = 67.5/36.58 = 1.85
WD - 1L = 350619.3
W+ D= 2669

D.A./W - D = 3,611,323
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Design No. 3638
File No. 23336
SN-752( )~~351-67

with flume

Civil Twp Willow

Velocity

36.58 ft

130,000)

(67.5' x 28') x $40/sq ft = $75,600

it

43.0/148.2 x $75,600.00 = $21,935.22

$130,000 - $21,935.22 = $108,064.78

4

$108,064.78 X 148.2/43.0 ~ $372,446.50

L/W = 2.10 L/D = 3.88
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Design No. 372
File No. 23464
Harrison County §~212(1)--50~43

Description: 80' X 28' I-BM.Br with Conc & Wood Flume

Location: Section 23, T80N, R43W; Magnolia Twp. {on North Line of S.W. 1/4)

River: Willow Creek

D.A.: 100.2 sq mi

Design Discharge: 7250 cfs

Slope: 17.6 ft/mi

Wood & Concrete Flume & Invert.

Total Low Bid Price Was: $213,626.12

Size of Drop: 982.69 ft - 958.73 fr = 23.96 ft
Length of Drop Structure: 115 ft

Width of Structure: 80 ft

Actual Letting Date: 9/12/72

Est. Price of Bridge @ 1982 prices (80' x 28'") X $40/ft2 = $89,600

it

Est. Price of Bridge @ 1972 prices 60.4/148.2 - 589,600 = $36,517.14

Est. Price of Flume @ 1972 prices

i

213,626.12 - $36,517.14 = $177,108.98

Est. Price of Flume @ 1982 prices

148.2/60.4 + $177,108.98 = §434,562.10
WD

it

80°'/23.96 = 3.34 L/iWw = 1.44 L/D = 4.80

WD 1916.8

L]

DA/W - D = 1,457,332.9
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Design No. 378
File No. 51108

M-43(4)~~55-43
Harrison County

Description: 80' X 30' I-Beam Br. & Flume

Spans: B0' 0° skew

Sec 33 Twp 78N

Range: 42W (on secondary road in the NE 1/4 SE 1/4)
River: Pigeon Creek; Union Twp.

D.A.: 56.5 miz; Slope could not be determined but estimated @ 8.0 ft/mile
. QSO = CT(A)XT = 8100 cfs

Wood & Concrete Flume & Invert

Total Low Bid Price Was: §417,929.30
Size of Drop: 987.20 -~ 968.56 - 18.64 ft
Length of Drop Structure: 109.50 ft
Width of Drop Structure: 80.0 ft

Design Discharge = 8100 cfs

Ave., Vel.: 6.1 F.P.B.

i

Est. Cost of Bridge € 1982 prices (80' % 30') X $40/ft2 = §96,000

Est. Cost of Bridge @ 1979 prices

H

140.4/148.2 + 96,000 = §90947.37

i

Est. Cost of Flume @ 1979 prices = $417,928,30 - $90,947.37 = §$326,981

Est. Cost of Flume @ 1982 prices

148.2/140.4 - $326,981 = $345,146.54

=

~

=
I

= 80'/18.64 = 4.29 L/Ww = 1.37 L/D = 5.87
WD L = 163286.4
W - D= 1491

DA/W - D = 1,056,424
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Contract payments for Research Project HR-236:

Original Contract $ 97,287.03
Extra work order #1 ($2,375.04 - §500.00) 1,875.04
Extra work order #2 5,507.28
Additional contract dirt 6,307.20
Borrow for additional dirt 99.85
Rock on borrow drive 139.50
Total amount paid to date $ 64,162.94
Settliement owed to contractor 4,500.00

TOTAL COST $108,080.30
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Cost Estimate

1984 Cost of Bridge 40 per sq ft or also $100/linear ft

Highway Construction Costs

Calendar Year Jowa Cost Index
1961 36.
1962 39.
1963 42.
1964 41.
1965 42.
1966 48.
1967 46.
1968 43.
1969 51.
1970 56.
1971 57.
1972 60.
1973 75.
1974 104,
1975 104,
1976 95.
1977 - Base - 100.
1978 115.
1979 140.
1980 148,
1981 150.
1982 148.
1983 166,
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